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SYNOPSIS 
Measurements were made of the movements at connections of a 310 foot 
railway bridge over a period of three and a half years. The study was initiated 
during shop-assembly of a truss and was ended after three years of service loadings. 
As might be expected, substantial relative movements of the bridge joints occurred 
during erection with the addition of dead load, bracing, and floor systems. The 
effects of the measured movements on changes in camber are discussed and compared 
with level readings taken during the three years of traffic. In essence, no 
service movements were found; no evidence of a marked change in camber was found. 
These findings suggest that a properly designed structure with properly installed 
high-strength bolts will not sl ip under normal service loadings. 
I NTRODUCT ION 
The extensive use of high-strength bolts during the past one and a 
half decades has radically affected structural steel fabrication and especiai1y 
field erection. These bolts are usually placed in holes which are nominally 
Associate Professor of Civil Engineering, University of 111 inois, 
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1/16 in. larger than the bolt diameter. Thus, when high-strength bolts began to 
be widely used, some engineers raised the question: Will this hole clearance 
permit joint sl ip to occur? Such si ip, should it occur, would initially affect 
structural a1 ignment and camber and might lead to cracking or simi lar problems 
in floors and other parts of a structure. Under vibrations or dynamic loads 
(as in bridges, cranes, etc.), and especially where these fluctuating loads 
might be reversed in direction, any potential sl ip would be an important 
consideration, affecting actual servicabil ity and fatigue 1 ife as well. It 
has been accepted for some years that a well-riveted connection may actually 
sl ip under load a few thousandths of an inch, but the potential sl ip in a bolted 
joint with perfectly matched holes and hex-head bolts could be perhaps ten to 
twenty times greater. 
Experience with high-strength bolts, installed in the place of rivets 
which had continually worked loose, showed that properly installed high-strength 
bolts stayed tight. Other than those findings, very 1 ittle information actually 
existed on the behavior of high-strength bolted connections which had been sub-
jected to normal service loadings. Although laboratory studies indicated the 
extremely low probabil ity of sl ip in bolted joints under service conditions, 
this question still warranted exploration. 
Early in 1958, it was noted that the New York Central Railroad Company 
was planning a single track, bolted rai lway bridge in the vicinity of Chicago. 
Because of the proximity of the fabrication and the erection sites to the 
University of Illinois and to the Associat ion of American Railroads Research 
Center, this structure provided an excellent opportunity to study the behavior of 
a bridge truss during various stages: assembly, erection, and service. A 
cooperative study was planned and the following were to be investigated: 
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(a) Whether movement or sl ip of the joints occurred during erection and service; 
and (b) Whether changes developed in the camber after erection and during service. 
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DESCRiPTiON OF STRUCTURE 
The 310 foot bridge studied in this investigation was designed with 
ten panel Warren trusses, having verticals and polygonal upper chords. Approach 
s~ans of 68 foot plate girders are used at both ends of the truss span. These 
single track railroad bridges were designed for Cooper's E-72 1 ive loads. The 
crossing is designated as Michigan Central Railroad Bridge No. 45, and is located 
over the Little Calumet River in Illinois, about one and a half miles due south 
of the east shore of Lake Calumet. In this area, the railroad runs approximately 
east and west at a point where the Little Calumet River has a rather sharp bend. 
This bridge replaced an old swing span, and provided additional horizontal 
and vertical clearances for river traffic at the bend. The design will permit 
eventual conversion to a vertical 1 ift span, if this should be required at a later 
5 
date. A picture of the completed bridge is shown (looking northeast) in Fig. 1, 
In this photograph, at the near end of the span is the special construction which 
will permit eventual conversion to a 1 ift bridge. The ends of the members were 
masked to prevent shop painting in the region of the bolted connect ions. In the 
photograph, some of these locations have been spot-painted in the field, as 
erection was being completed. The dimensions of this truss span are given in 
Fig, 2, Only the south truss of this bridge was used for these studies. 
The bridge members were fabricated at the Bethlehem Steel Plant in 
Chicago, Illinois. Members LOL1L2' L2 L3L4' L4L5L6' L6L7LS' LSLgL10' U1U2U3 , 
U3U4U5 , U5U6U7 , and U7USU9 were fabricated as single pieces. All shop fabrication 
employed hot-d~iven rivets. Both the north and south trusses were initially 
assembled at the shop fabrication yards in a horizontal position, The holes in 
the individual pieces were sub-punched or sub-drilled to 11/16 inch diameter and 
then were reamed (after truss shop-assembly, pinning, and bolting) to full size 
of 15/16 inch diameter, Bolts of 7/S inch diameter were generally used for field 
connections, 
At .the time of shop assembly of the two trusses, the calculated camber 
for these trusses, which provided for dead load plus one half live load, was 
introduced prior to reaming. This camber resulted in a requirement by the designers 
for a mid-span camber of two inches. The actual camber ordinates of the south 
truss (on which all measurements of this study were made) were measured by the 
fabricator at the time of shop ,assembly and these measurements are given in Fig, 3 
along with the calculated or desired camber. 
INSTRUMENTATION 
Prel iminary discussions and preparations to accompl ish the objectives 
of this study had been made by representatives of the participating groups prior 
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to the initiation of shop assembly for the bridge. Accordingly, when the south 
truss for the bridge was ready for reaming, research personnel from the University 
of Illinois and the Association of American Rai lroads instal led the gage holes 
necessary for the extensometers, which had been designed by the author for this 
study. In order to facilitate their work and to avoid confl icting with the 
work of the assembly and reaming crews, research personnel moved back and forth 
from joint to joint to accompl ish the installation of gage holes. Thus, some 
gages holes were put in after a joint had been reamed and others were instal led 
before reaming had been done. 
The gage holes were installed at pre-selected locations on each joint 
and were located in pairs. The holes in a pair were located an inch apart by 
using a special dual point punch (Fig. 4) which had hardened, replacable punches. 
Gage holes were then prepared by drill ing with a Number 54 drill at the punched 
locations; the dri lled holes were then beveled around the outside edge by using 
a hardened, pointed or tapered rod which was chucked in a small electric drill. 
The two points of the punch were offset by the thickness of the gusset or spl ice 
plate. One gage hole of a pair was located at the end of a member and the other 
hole was located near the edge of the gusset plate to which the member was joined. 
Thus the relative movement between the member and the gusset plate could be 
determined. 
In general, four pairs of gage holes were installed at each junction 
between the end of a member and the gusset plates. Two pairs were located on the 
track side of the truss along the edges of the member and the other two on the 
outside of the truss. Figure 5 shows a sketch of the location. of gage holes on 
one side of a typical joint. Gage points were also instal led on the connection 
angles of certain floor beam-to-gusset plate locations, making it possible to 
determine any movement of the floor beams relative to the truss. 
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All gage holes were protected from rusting and filling with dirt or 
paint by placing a spot of heavy grease at the hole and covering this with a 
piece of plastic electrical tape. At occasional holes this protect ion was found 
to be missing at the time of the next reading. A total of 151 pairs of gage holes 
were Instal led in the joints of the top and bottom chord of the south truss and 
8 pairs of gage holes were placed on floor beams. Some gage holes were instal led 
at spl ice points in the lower chord and these were located at the top edge of the 
spl ice plates. Rarely, because of interference from ties~ bracing, floor system 
or because of other clearance problems, a pair of holes was found to be Inaccessible 
in the field and the readings were abandoned. 
A special type of extensometer (Fig. 4) was designed which could be 
read from several positions and which could be used interchangeably for several 
plate offsets, if necessary through the damage or loss of one or more extensometers 
by dropping. These four extensometers differed only in the magnitude of the step 
or offset between the fixed and the moveable points; therefore, readings could be 
made between a pair of gage holes which were offset by an amount equal to the 
thickness of the gusset or spl ice plates. The extensometers consisted of a frame 
with two hardened points, a fixed point and a,moveable point. Originally, the 
moveable point was designed to sl ide along guides, but minute dust and dirt 
particles at the site caused the sl iding point to bind and stick in the guides 
because of the close tolerances. The extensometers were then modified so that 
the moveable point was pivoted. The opposite end of the pivoted moveable point 
was in contact with the arm of a half-inch-travel mechanical dial on which direct 
readings of 0.001 inch could be made. On the pivoting bar, a hardened point of 
the same length was attached to each of the four extensometers, and the fixed 
point length was varied to provide a suitable offset. Thus, the same order of 
magnitude of muitipi ication factor existed for ali four extensometers. However, 
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to insure that minor variations from extensometer to extensometer were properly 
compensated, each extensometer was cal ibrated individually and the appropriate 
cal ibration constant was used for that particular unit, These cal ibration constants 
required the multipl ication of differences !n gage readings by a factor of approxi-
mately 2.0 to provide the actual movement between the gage holes. The Ames dial 
was mounted on a semi-circular guide which could be rotated 90° left or right 
of center (See Fig. 4). Th is made possible readings at certain locations on the 
bridge, where operators might be in awkward positions and thus unable to read a 
front-facing dial. This extensometer design was especially advantageous when 
readings were being made on the outside or south face of the south truss, where 
the operator had to lean far out or when the operator had to be suspended on 
floats. Floats and scaffolding were not available for several sets of readings 
on the bridge including the final set. Readings at gage holes on the members were 
recorded to the nearest one thousandth inch. 
Since the intent of this study was to determine whether sl ip of any 
sIgnificant magnitude had occurred in these bolted bridge joints, and since any 
real sl ip might be expected to amount to more than one or two hundredths inches~ 
these extensometers proved to be satisfactory. Operator technique included the 
repetition of readings one or more times at each gage location prior to the 
recording of the final reading. This technique helped insure that the gage holes 
were cleaned out and free of grease, paint, and other materials after the tape 
was removed. 
it might be noted here that the calculation of the effect of dead load 
stresses on the relative movement between gusset and member could be estimated at 
approximately 0.0005 inches movement. Because the bridge was erected !n the 
horizontal position and subsequently raised to the vertical position where dead 
load would be a factor, some evaluation of the magnitude of this effect was 
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necessary, However, since this dead load stress movement is so s~al i 7 no correction 
has been made in the recorded data. In a similar fashion, consideration was given 
to the effects of temperature variations and in particular to the location of the 
sun on the structural steel (one side of the member in the sun, the other side 
in the shade); however, this investigation indicated that the relative magnitude 
of these differences would be quite small compared to the gross slip movements 
which might be anticipated had joint sl ip actually occurred. Another factor which 
affected the initial readings between shop assembly (fol lowed by reaming) and final 
erection was the fact that when joints were field-erected, plates and members might 
be in sl ight1y different relative positions s imply because of the out-of-flatness 
of plates or parts; therefore, members which had not been tightly pulled down 
during the reaming process were subsequently in full contact. This w~ld change 
the actual amount of the offset between two adjacent parts and would introduce a 
slight error in the readings. Investigations showed that this error was small 
and could be neglected for the purposes.of our study, since movements of much 
greater· magn i tu-de .. wereexpected, shou 1 d serv ice s 1 i p occur. 
Two sets of standard blocks were made for the correlation of readings in 
case of a change of dials~ a change in the design of the extensometers themselves 9 
or in case of any changes in actual extensometers or their points. These standards 
were made of steel with offsets representing the various thicknesses of the gusset 
and spl ice plates. The holes on each side of the offset were an inch apart and 
were composed of hardened bushing inserts. The two sets of standard blocks had 
identical offsets and init~al readings were taken on both sets so that the loss 
of one standard through mishap at the site would not later introduce difficulties. 
A typical cal ibration block is shown in Fig. 4 also. Extensometers were read on 
the standard block frequently during field measurements. This equfpment was 
(2) described in more detail in a recent paper . 
E. Chesson, Jr., "Laboratory Devices and Methods: Instrumentation for Research 
on R i vet e dan d B 0 1 ted Con n e c t ion s , I i R I L EM B u 1 1 e tin No. 22, Mar c h 1 964 , P P . 
66-67, (France). 
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Level readings were taken using a standard level instrument and a level ing 
rod with divisions of 0.01 foot; readings were estimated to 0.001 foot. Level 
readings were taken at three points on the bridge, at LO' L5 , and L10 , in order 
to determine relative elevations. The level rod was set on the first rivet of 
the south truss, east row of the group of rivets joining the floor beam to the 
south truss. The first level reading was taken on April 18, 1959, when the bridge 
had been completed and landed at L10 . Because the purpose of this study was to 
determine any large scale effects such as would be indicated by joint sl ip of 
considerable magnitude, resulting in a substantial change in the camber, no efforts 
were made to refine the level ing technique, or to compensate for minor variations 
in temperature from reading to reading. Readings were generally taken at the 
same time of day at about the same season of the year and thus some secondary 
effects were minimized. 
ERECTION PROCEDURES 
After the gage holes had been instal led at the appropriate locations 
an~ the initial readings had been taken in the assembly yard during reaming, 
the truss was disassembled and moved to the erection site by barges. The erection 
procedures for the bridge can be described briefly as having been performed in 
three steps. The direction of erection was from LO (west end) to L10 . The 
girder approach spans were erected before the truss spans were begun. Erection 
of the truss span was by a crawler-crane mounted on barges. 
Stage 
Pile false work was erected for a temporary support at L4 . The north 
and south trusses up through members U3 L4 were assembled on barges north of the 
final position of the bridge; floor beams and stringers up through L4 , as well 
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as top chord bracing were completed. The barges were then moved to the bridge 
site and flooded to allow the trusses to land at the permanent abutment at LO 
and at the temporary false work at L4 (See Fig. 6). 
Stage !! 
Members were then erected individually up through L6 U7 always beginning 
with the south truss and using the cantilever method of erection. Pile false work 
was erected at L6 · When the span was landed at L6 , the support at L4 was removed 
to free the channel for barge traffic. 
Stage ! I I 
Members were erected through U7 L8 and then through L10 ' Throughout 
the erection, the bolts for field connections were generally tightened using the 
turn-of-nut procedure, and providing one full turn from "finger-tight" as was 
permitted by the 1954 Research Council Specifications. The tightening sequences 
employed were selected to al low the upper chord members to come into bearing prior 
to final tightening. 
STUDY OF DATA 
(a) Erection and Service Movements of Joints 
During the course of this study, gage readings were taken on six 
separate occasions: 
(1) An initial set of readings was taken at the fabrication yards 
during the shop assembly and the reaming process described earlier. (Feb. 1959) 
(2) The second set of readings was taken during erection when the truss 
had been landed at the temporary support at L6 but not at L10 ' (April 1959) 
(3) A third set of readings was taken after the truss had been landed 
at L10 and bolts in all joints had been fully tightened. (April 1959) 
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It might be noted that the thjrd set of readings was actually taken twice, at a 
two week interval. These readings were repeated becuase it was found during the 
initial group of Number Three readings that the slide bars in the extensometers 
were sticking in the guides; therefore, the extensometers were modified to use a 
pivoting bar instead of a sliding bar. The results of this second group of 
readings with the pivoting bar gave consistant correlations with the initial 
group of readings taken with the sl iding bar extensometers, and gave further 
confidence in the measurement techniques being employed at the site. 
(4), (5)? and (6) The next three sets of readings were taken during 
service loading of the bridge,by means of the modified extensometers. These three 
sets of readings were made over a period of approximately three years. The fourth 
set was taken in October 1959; the fifth was recorded in October 1960; and the 
last was taken in June of 1962. A total of three and a half years elapsed from 
the time of the initial readings at the fabrication yards to the last readings which 
were taken in service. 
It might be noted that the second set of readings was taken only at a 
1 imited number of joints in the lower chord, especially panels L4 and L6" However, 
no extensive check of the behavior of the partially completed truss has been made 
from these data, except to note the magnitude of the movements. It would be possible, 
using the initial set of readings, the second set, and the third set of readings to 
estimate the effect of the reversal of stress in certain members by landing at L10 
and then removing the support at L6 . However, it was felt that such estimates 
would be heavily affected by the erection movements from disassembly of a truss 
which had originally been positioned in a horizontal plane and its reassembly with 
flooring and bracing systems in a vertical position. Thus the resulting conclusions 
concerning the effects from reversal of stres~ as determined by such calculations, 
might be questionable. 
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In a review of the data, it is appropriate to distinguish between two 
types of movements for the joints of the bridge. The first of these may be cal led 
the "erection movement
"
; this is any joint movement caused by the disassembly of 
the truss and its subsequent field erection. The second type of movement which 
wi 11 be evaluated, may occur at some time during the 1 ife of a bridge, (depending 
upon loading and many other factors) and is referred to herein as the "service 
mov em e nt" 0 r "s 1 i p I I • 
The magnitude of this second type of movement is most important, in 
view of the clearance holes used with standard high-strength bolts. It is appar-
ent that a relatively large magnitude of sl ip would indicate an ineffective transfer 
of load by friction between the connected parts. This could create a loss in 
camber and would be especially serious if the joint were subjected to stress 
reversals, since in all probabi1 ity some wear and accelerated fatigue effects 
would result. 
The erection movements were evaluated on the basis of primarily the 
first and the third sets of readings. The service movements were evaluated 
from the last four sets of readings. 
The magnitudes of ~he movements as recorded from the gage holes located 
on adjacent parts have been plotted in Fig. 7. This shows the total number of 
gage locations for which various magnitudes of joint movement were recorded. 
Erection Movements: Referring to Fig. 7a,'we find that the erection 
movements were generally less than 1/16 of an inch. Those few readings which 
were larger than 1/16 of an inch were found to have occurred at the upper chord 
panel points (especially on diagonal and vertical members) in every case. Consider-
ing the entire range of readings actually recorded for both the upper and the lower 
chords, we find that the average erection movement was less than 1/32 of an inch. 
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If the exceptionally large movements recorded at several points in the upper chord 
were omitted from the average, the mean value would be approximately 0.020 inches. 
Erection movements are to be expected in normal structural erection and 
for members of the sizes and types used in this bridge. Such erection movements 
might be expected to be of the magnitudes shown in Fig. 7a in view of: the hole 
clearances, nominally 1/16 inch; the fact that the measurements were originally 
made with the truss in the horizontal position and the subsequent disassembly, 
reassembly, and erection by partial cantilever construction; the dead load stresses; 
the restraints from floor system and bracing; and the other conditions which did 
not exist in the shop but occurred in the field assembly. The movements shown in 
Fig. 7a affect the camber of the completed structure, but have very 1 ittle effect 
otherwise upon the servicibil ity or upon the erection procedures. Since provisions 
had been made by the designers for dead load and half of the 1 ive load in the camber 
calculations, the effects of these erection movements were of 1 itt1e consequence 
in this bridge. (This might not have been the case had highly precise dimens ional 
tolerances been required, as may occur in certain space-age structures.) 
Service Movements: In Fig. 7b, the magnitude of the measured or apparent 
service movements can be seen. If it is recalled that the extensometers require 
a multipl ication factor of approximately 2 to record actual movements, it is 
easy to explain why very few recorded movements will be found for odd readings 
(0.001, 0.003, etc.) and why so many readings are recorded for even movements. 
The interesting point for structural engineers and particularly for bridge engineers 
is that the average recorded movement during three years of service totaled 0.002 
inches, as shown in Fig. 7b. These movements are so small that it is entirely 
possible that instrument errors, operator errors and technique, or paint or dirt 
in the holes, could account for most of the small variations noted. A study of 
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.these data indicated that the direction of these minute measured movements over 
the several readings during the three year period corresponded to the direction 
of maximum service stress for many gage points; on the other hand, for almost 
the same number of gage locations the direction of apparent measured movement 
reversed during the three year period. For approximately one third of the gage 
point locations no service movements were recorded during the three years. Only 
one reading was found to exceed 0.006 inches and 95 percent of the readings were 
0,004 inches and smaller. If these minute movements did actually occur, they 
were much less than hole clearances and are of the same order of magnitude as 
might be expected for riveted connections. In fact, those gusset plates which 
had been initially riveted to the chord members during shop fabrication and to 
which other members at that joint were fastened during field assembly with 
high-strength bolts, showed measured erection movements of approximately 0.005 
inches. 
Figure 7c shows the magnitudes and distribution of the movements 
measured over the entire period of the study. As would be expected from Fig. 7b, 
the inclusion of the recorded service movements did not materially alter the 
pattern of readings found in Fig. 7a for erection only. 
(b) Change in Camber of the South Truss 
In Fig. 8 the effects of the measured joint movements during erection 
and during service have been diagrammed. Study of this plot will show the original 
cambered position, taken from Fig. 3, as the top 1 ine. The deflection of each 
panel point along the lower chord was computed by a Will iot-Mohr diagram, taking 
into account the measured erection movements plus the calcuiated dead load deforma-
tion for the truss. It will be seen that erection movements and dead load deforma-
t10n produced a midspan change in camber of 1.38 inches; this change in camber is 
shown by the upper cross-hatched zone in Fig. 8. 
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When only the measured erection movements were used for a Will iot-Mohr 
diagram, it was found that these joint movements contributed less than 1/10 of an 
inch camber loss in addition to the camber change caused by dead load for this 
bridge. This occurred because a number of the erection movements were in directions 
opposite to those caused by elongations from the dead load stresses that were 
imposed on the structure. This very small change in camber caused by erection 
movements can be attributed to the random variations which will occur in the fit 
of members and to the realignment of parts which would be necessary when the 
brac ing and floor systems were added and when the cantilever method of erection 
was used. In Fig. 8, the contribution (0.10 in.) of the measured erectlon move-
ments to change in camber, if plotted, would appear to be approximately the same 
size of band as has been shown for the measured service movements. 
It should be noted, however, that the camber change calculated for the 
measured service movements shown in Fig. 8 has been exaggerated approximately five 
times. That is to say, the contribution to change in camber from all of the 
measured or apparent service movements was less than 0.02 inches, as determined 
by a Will iot-Mohr diagram for this truss. 
Under alive load of 3.6 kips per fObt of truss (equivalent to the 
uniform load of a Cooper E-72 loading) the midspan deflection by Will iot-Mohr 
diagram wouid be 1.37 inches. This calculated change in camber has been added 
to the deflectlon diagrams of Fig. 8 as the lower cross-hatched zone. Note that 
the calculated deflection from all causes for this bridge under Cooper!s E-72 
uniform loading would be about 1/2 inch below the end supports. (The horizontal 
scale of Fig. 8 is equivalent to 310 feet whereas the vertical scale has been 
shown in inches in order to exaggerate these effects.) 
When a discussion is held of the use of conventional (or hex-head) high-
strength bolted connections in structures subjected to repeated loads and vibration, 
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an engineer m~y raise the question: '~hat would happen if every joint in the 
structure sl ipped in the direction of maximum stress a full 1/16 of an inch?!' 
This question assumes that the holes were originally in perfect al ignment and that 
this sl ip could take place, The answer to this question was obtained for this 
railway bridge, using the Wiil lot-Mohr diagrams and the camber diagram shown in 
Fig, s. No 1 ine has been shown on that diagram. However, the dead load and 
measured erection movements produced a calculated change in camber such that 
approximately one inch of positive camber remained. If the truss were subse-
quently to undergo an additional 1/16 inch slip at all joints and splice points~ 
the change in camber at midspan would be sl ightly less than 1.S inches. Obviously~ 
under normal fabrication and erection procedures all joints would not be able to 
slip this maximum amount. Nonetheless, this calculation does give some feel for 
what effect such hypothetical sl ips would have on the bridge of this study. In 
this example, the final position of the bridge would be approximately l/Z inch 
of negative camber. Of course, an additional change in camber of 1 3/8 inches 
would occur as alive load deflection. 
For the Will iot-Mohr diagrams, the changes in distance between the 
joints (at opposite ends of the same member) were evaluated as the sum of the 
algebraic averages of the relative gage hole movements at the ends of that 
member. Dead load deformations were calculated in the usual fashion. 
Of course, the Will iot-Mohr graphical method for determining deflections 
of bridge trusses assumes that joints are frictionless pins and that members have 
no bending or shear rigidity, In keeping with these assumptions, the calculations 
for this study assumed that j 0 i nts LO' LZ' L4 , L6 , LS ' L1O ' Ul , U3 , US' U7 , and 
U9 , were perfectly hinged, Because of the continuity of the upper or lower chord 
members between the joints mentioned earlier, j 0 i n ts L1 ' L3 ' LS' L7 , L9 , UZ' U4 , 
U6 , and Us were not taken as frictionless, and the vertical web members were 
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neglected in the use of the method. When every joint was considered hinged and 
when appropriate values of all measured movements were used, no significant 
difference was found between the newly calculated deflections and those computed 
with the initial assumption. The actual construction and behavior of the bridge 
appeared more nearly to be met by the initial assumption. 
Because this graphical procedure for determining deflections is based 
on certain approximations 1 it is to be expected that such a method wi 11 give 
results which differ from those measured on the actual structure. It was 
pointed out earl ier that the calculated change in camber caused by the measured 
in-service joint movements was less than 0.02 inches. The actual value scaled 
from the Wil liot-Mohr diagram for midspan deflection was 0.017 inches attributable 
to the apparent service movements. Level readings were taken in Apri 1 1959, 
October 1960, and again in June of 1962. Since it was anticipated thqt any real 
sl ip which might occur would create substantial joint movement and thus create 
substantial changes in camber, level readings were not made with first order 
precis1on. Actually, the level readings for this span were intended as a gross 
check on the general behavior of the structure and on the general accuracy of the 
gage po i nt read i ngs . The Ap r i 1 1959 1 eve 1 read i ngs i nd i cated a pos i t i ve cambe r 
of approximately 0.68 inches; in October of 1960 the level readings indicated a 
positive camber of 0.50 inches and in June of 1962, the positive camber was found 
to be 0.485 inches. Between October 1960, and June 1962, the change in camber, 
as found by these level readings, was of the same order of magnitude as that 
calculated as change in camber from service movements by the Will iot-Mohr diagram. 
However, the comparatively large change in camber indicated by the level readings 
between Apri 1 1959 and October 1960 (sl ightly less than 1/10 of an inch) was not 
indicated in any of the slip measurements which were taken. Since first order 
level ing was not used, part of the difference between the results obtained from 
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a graphical method and from level readings can be explained by factors such as: 
the precision of level ing; possible movement of any of the three floor beams with 
respect to the south truss at those locations on which level readings were taken; 
weathering or other changes in the rivet heads used for level benchmarks; possible 
temperature effects on level ing precision and affecting the bridge because of 
expansion and contraction of the materials; possible restraint of the rocker 
bearings at the bridge end; s1 ip readings taken on only one truss, while level 
measurements would reflect the behavior of both trusses; etc. However, since the 
change in camber computed earl ier and the actual camber found by level ing are of 
the same order of magnitude, it is felt that the level readings served as a check 
on the reasonableness of the diagram in Fig. 8. 
CONCLUS IONS 
The movements at the connections of a railway brrdge were observed over 
several years, during erection and service. Based on these measurements, the 
following Gonc 1 us i.ons ·a.Lep res.en.ted: 
1. The joint movements occurri.ng between shop assembly and final field 
erection were rarely as large as 1/8 inch and averaged less than 1/32 inch. 
Erection movements of this magnitude are to be expected on such a structure. 
2. The joint movements measured over three years of service averaged 
only 0.002 inches and were so small that, in all probabil ity, operator techn~que, 
equipment 1 imitations, and field conditions could account for the apparent movements" 
3. The effect of erection movements on the computed change in bridge 
camber was small, since such movements were of random magnitude and direction and 
did not always coincide with the direction of dead load stressing. 
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4. The effect of measured service movements on computed change in bridge 
camber was trivial. (The calculated change in midspan deflection was less than 
0.02 inches.) 
5. It can be expected that joints which have been properly designed and 
assembled with high-strength bolts will not show sl ip under normal service loadings, 
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